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Summary: 
From daily analyses of the prevailing wind at the mesopause region (about 95 km) oscillations 
in the period range of the so-called quasi 16-day wave are obtained that can be interpreted as 
the signal of these planetary waves in the wind field. Investigating these waves for the period 
of 1980 through 1997 connection with the prevailing wind gives insight to the behaviour of 
planetary wave-mean flow interaction the upper middle atmosphere. lt is found that in win-
ter wave activity region is positively correlated with the 
mean westerly its mean vertical gradient. means that 
strong wave is not necessarily connected 
strong wave activity rather is result incomplete wave 
breaking below 
Aus täglichen Analysen des mittleren Mesopausenbereich (etwa wer-
den Oszillation im Periodenbereich der sogenannten quasi 16-Tage-Welle bestimmt, die als 
Signal dieser Welle angesehen werden. wird Zusammenhang dieser Oszillationen mit 
dem mittleren Wind untersucht. zeigt sich, daß starke Wellenaktivität mit größerem 
(negativen) Gradienten, aber auch mit größerer mittlerer Windgeschwindigkeit verbunden ist. 
Dies bedeutet, daß die Variabilität der Aktivität planetarer Wellen im Mesopausenbereich nicht 
notwendigerweise diejeniger planetarer Wellen in der unteren Atmosphäre widerspiegelt, son-
dern ein Maß dafür ist, die Energieübertragung der Wellen auf den Grundstrom im 
Mesopausenbereich bereits abgeschlossen ist. 
Planetary wave activity in the upper middle atmosphere has been of special interest in the past 
and measurements of these have frequently been reported in literature (e.g. Manson et al., 
1981; Williams and Avery, 1992; Jacobi et al., 1998). Long-period planetary waves as 16-day 
wave generally originate from the troposphere (e.g. Ebel et al., 1992) and propagate through 
the stratosphere to the mesosphere, where due to the low pressure and the small energy needed 
for a large signal the largest amplitudes are found. From model calculations, Forbes et al. 
( 1995) did not find a significant penetration of the quasi 16-day wave to the height region 
above 100 km, which coincides with the results of Grollmann (1992). 
Long-period planetary waves in the mid- or high-latitude middle atmosphere are mostly found 
in winter (Salby and Roper, 1980; Manson et al., 1981; Hirooka and Hirota, 1985; Jacobi et 
al., 1998). In summer, due to the easterly winds in the stratosphere and mesosphere, slowly 
westward travelling waves generally cannot propagate into the mesosphere region. However, 
this feature is not regular, and Williams and Avery (1992), for example, found the maximum of 
the quasi 16-day wave in summer, which may be due to ducting from the winter to the summer 
hemisphere through the mesosphere/thermosphere region. Espy et al. (1997) found a quasi 16-
day oscillation in polar summer mesospheric temperatures and also proposed a propagation of 
planetary waves from the winter to the summer hemisphere, which, however, is modulated by 
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while a sumrner 
wave activity was also found by Jacobi (1998a) from midlatitude mesopause region 
wind measurernents. However, amplitudes of the long-period (larger than the one of the 
quasi 2-day wave) planetary waves in surnrner are small compared to the amplitudes in winter. 
Due to wave breaking a momenturn transfer from the westward travelling planetary waves to 
the mean flow takes place, which in winter leads to a reduction of the eastward directed mean 
stratospheric and mesospheric flow (e.g. Grollmann, 1992), being, besides gravity wave drag, 
responsible for the decrease of the mesospheric westerlies with height and the easterlies in the 
thermosphere. Strang planetary wave forcing also leads to sudden stratospheric wa.nnings that 
are one of the main dynamical feature in the winter stratospheric circulation. Model calcula-
tions focusing on wave-mean flow interaction thus often are used for describing such strat-
warm events (Schoeberl, 1983; Hauchecorne and Chanin, 1988; Tao, 1994), being a sort of 
test for the correct description of the wave-rnean flow interaction in the model. As it could be 
shown, the upper mesospheric winds are reacting on stratospheric warrnings (Schminder and 
Kürschner, l; Greisiger et 1984; Muller et al., 1985; Jacobi et al., 1997a), so that gen-
erally the mesopause region zonal prevailing westerly wind is reduced or even easterlies prevail 
during a warrning. However, due to possible cornpensation processes above the stratosphere 
influence of stratospheric warrnings on the dynamics of the upper mesosphere/lower ther-
mosphere is not uniform (Jacobi et al., 1997a), and in some cases during a stratospheric 
warrning even especially strong westerlies are found. Thus, the correlation between strato-
spheric and upper mesospheric mean winds is rather on a monthly or seasonally average 
(Beckmann and Jacobi, 1998). 
lt can be concluded that dynarnics of the upper mesosphere/lower thermosphere region is 
coupled to the stratosphere/mesosphere system, but its interannual variability is both steered 
through tropospheric forcing and internal stratospheric processes. However, it is possible to 
monitor wave-mean flow interaction that takes place in the mesopause region, and it is also 
possible to draw some conclusions concerning their connection to mesospheric processes. 
the following the mesopause region wind measurements at Collrn (52°N, 15°E) are investi-
gated. This investigation focuses on the quasi 16-day wave, being one of the largest signals in 
the winter mesopause region. climatology of planetary waves as obtained from these meas-
urements has already been presented by Jacobi et al. (1998), using data from the period 1983 
through 1995. In the meantime, also the data reaching back to 1980 has been reanalysed using 
the same methods. The long-term variability of the mean flow has been presented by Jacobi et 
al. (1997b), using data from 1983 through 1995, and Jacobi et al. (l 997c) presented the winter 
and summer mean wind fields from 1972 through May 1996. Thus this investigation is to a cer-
tain degree an update of their results. 
2. Measurements 
The wind field of the upper mesopause region is observed by daily 1 total reflection radio 
wind measurements in the low-frequency radio wave range, using the ionospherically reflected 
sky wave of three commercial radio transmitters on three measuring paths at 177, 225 and 
270 kHz. A modified form of the similar-fade method is used to interpret the wind measure-
ments (e.g. Schminder and Kürschner, 1994). The data are combined to half-hourly zonal and 
meridional mean wind values for the three measuring paths that refer to a reflection point at 
52°N, 15°E. Since September 1982 the reflection height is measured on 177 kHz using travel 
time differences between the ground wave and the reflected sky wave in the modulation fre-
quency range near 1.8 (Kürschner et al., 1987). Since during the daytime due to the ab-
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'-'F'""'„ at no measurements are measurements are 
inhomogeneously distributed Therefore a multiple analysis is used to 
termine estimates of the daily prevailing wind as well as the tidal wind field components 
monthly median half-hourly zonal and meridional wind values: 
v z = v oz + b sin(rot) + c cos(rot) , 
V m =Vom+ b COs(rot)-c sin(rot) , 
(1) 
where Vz and vm are the horizontal monthly median wind components, Voz and Vom are the 
monthly zonal and meridional prevailing wind (estimated, as well as b and c, by least square 
fit), and ro is angular frequency of the semidiumal tide. The spectral selectivity of the sepa-
ration of prevailing and tidal wind was improved through fitting the measured values for the 
two components as a vector, assuming clockwise circularly polarized tidal 
components (Kürschner, 1991 ). 
reflection height is not directly of analysis. As a consequence of 
its diurnal variations only those half-hourly mean wind values are included, when the rnean 
monthly reflection height values that are sufficiently close to the mean nighttime of 
about 95 km (e.g. Kürschner et al., 1987; Jacobi et al., 1998). this investigation only half-
hourly medians are used between 18 and 6 local mean 
As a measure for activity of the quasi 16-day-wave, the standard deviation cr, calcu-
lated from filtered time series of the daily values the prevailing wind is used. The filter 
used is a Lanczos filter (see, e.g., Thomson and Chow, 1980) with 100 weights, with a period 
window from 12 through 20 days, which indicates the period range of the quasi 16-day wave 
the upper mesosphere. The Standard deviation values crz and crm for the horizontal compo-
nents were calculated on a basis of one month each, from these monthly values of cr 3-monthly 
(December - February) winter means are calculated, too, as well as a total standard deviation 
( 
') -2 )-1/2 
crb o; + om ' (2) 
for both components together. The procedure is described in J acobi et al. (1998). The monthly 
mean prevailing wind values are also calculated after Eq. (1), but using monthly mean half-
hourly wind values. 
3. Results discussion 
The interannual variability of the planetary wave activity in the 12-20 day range in the course 
of each year is shown in Figure 1. The contour plots show the zonal (upper panel) and meridi-
onal (lower panel) standard deviation calculated from the bandpass filtered daily prevailing 
wind values. lt can be seen that the largest signals are generally found in late winter, but a 
strong interannual variability is visible, hinting to a 4-5-year oscillation of the planetary wave 
activity as measured in the mesopause region. This is best visible in the zonal component, while 
the meridional component firstly shows smaller energy on an average, and secondly reflects the 
behaviour of the zonal component only on an average, but not in all cases. 
The mesopause zonal prevailing wind field in the course of the year consists of an annual and 
semiannual oscillation that are responsible for about % of the annual variability (e.g. Dartt et 
al., 1983; Jacobi et al., 1997b), while the interannual variability of monthly or seasonal mean 
values of v0 z is relatively small compared to these oscillations. This is illustrated in Figure 2, 




crv each to visualise only - and not annual -
variability of Voz the course of the year, Figure 3 1980 - 1997 mean was subtracted 
from the respective monthly means, and these values were divided 1980 - 1997 standard 
deviation of the respective month: 
V =---oz,n ,,.,, 
Voz ·vv 
(3) 
for each month of the year, where v oz is the 1980 - 1997 mean of the zonal wind in the re-
spective month, and v0 z,n the normalized zonal prevailing wind. Comparing Figure 3 with the 
upper panel of Figure 1, some of the patterns can be compared. Especially in winter the large 
values of the Standard deviation are connected with large prevailing winds, which can be seen, 
for instance for the winters of 1981, 1989 and 1994. summer, a negative solar cycle depend-
ence of the zonal prevailing wind is found with smaller values in the early 1980s and around 
1990 (Namboothiri et al., 1993; Jacobi et al., 1997b,c; Jacobi, 1998b; Bremer et al., 1997), 
which is connected with a positive dependence of the standard deviation on the solar 
cycle as to be seen Figure 1, instance, relatively large values in early 1980s, but 

























1 ' 1 
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 
1 1 1 
80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 
Year 
Figure 1: Standard deviation in the 12 - 20 day period range, calculated from the bandpass filtered 







2: 1980- 1997 mean monthly mean zonal prevailing wind around 95 km height at Collm. The 
bars denote standard deviation of the monthly means. 
Figure 3: Normalized monthly mean mesopause region zonal prevailing wind after Eq. ( 3) as 
measured at Collm,for each month ofthe period 1980-1997. 
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Figure 4: Correlation coefficient r (upper panel) and dependence 6.. (lower panel) of the zonal 
prevailing wind V0 z and the planetary wave activity cr as calculated after Eq. ( 4) for both components 
( open symbols) and the zonal component only (filled symbols ), for every month of the year. 
To investigate the possible connection between the zonal prevailing wind and the planetary 
wave activity in rnore detail, we analyse rnonthly rnean values on cr and Voz with respect to their 
correlation using simple regression analysis: 
CT = a + ß@ Voz (4) 
Tue results are shown in Figure 4. One can see that the correlation coefficients r are positive in 
winter, when also the coefficients ß are large, but in part negative in surnrner, however, the 
latter signal is rather weak, and especially the August values is just opposite to that. Therefore, 
and since the rnechanisrn of he propagation of planetary waves into the surnrner hernisphere 
rniddle atrnosphere is rather cornplicated and thus a direct connection between their arnplitude 













""'~"-"' 5: Time series of winter (December - February) means of the standard deviation cr (both 
components, and zonal component only) of the bandpass filtered times series and the monthly mean 
zonal prevailing wind v02• The data were calculated from monthly means that were combined to 3-
monthly means. 
tion in the following. Figure 5 contains time series of the winter standard deviation crb (for both 
horizontal components) and O"z (for the zonal component only), as well as the prevailing wind 
Yoz· data are December - February mean values, calculated from monthly means. as 
well as in the Figure 6, which shows winter (December - February) means of O"b in dependence 
of v0 z, the positive correlation between planetary wave activity and zonal prevailing wind can 
be seen. Figure 5 the curves of Voz and cr quite nicely follow each other, and the correlation 
is significant at the 95% level. correlation coefficients are shown in the second column of 
Table 1. 
However, break.ing westward travelling planetary waves should transfer westward momentum 
to the prevailing flow (e.g. Grollmann, 1992), thus a large planetary wave activity - or large 
planetary wave forcing in the lower atmosphere - should be connected with smaller eastward 
(or stronger westward, respectively) mean flow. The positive correlation between cr and Voz in 
the mesopause region, however, represents just the opposite behaviour of the middle atmos-
phere. This, however, could be explained in such a way that large planetary wave activity as 
measured in the mesopause region not necessarily is connected with large planetary wave ac-
tivity in the lower atmosphere, but rather is a hint to a wave break.ing that has not yet been 
completely appeared in the layers below. In turn, low planetary wave activity measured at the 
mesopause region would mean that the waves have already transferred their energy to the 
mean flow in the stratosphere and mesosphere, thus decelerating the westerlies there and this is 
found in the mesopause region as weak.er westerlies, too. 
Regarding the mesosphere/lower thermosphere coupling, there should be an influence of plane-
tary wave activity on the vertical gradients of the mean zonal wind. In the mesopause region in 
winter the vertical gradient of the zonal prevailing wind is negative on an average ( e.g. Manson 
and Meek, 1986; Jacobi et al., 1997b; Schminder et al., 1997a,b). If a considerable portion of 
the planetary waves should break. above the mesopause region (i.e. in those cases, when in the 
mesopause region still large planetary wave activity is measured), this would lead to a further 
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Standard deviation crb of the bandpass filtered zonal prevailing wind in the 12 - 20 day 
range in dependence of the winter (December - February) zonal prevailing wind near 95 km, of the 
years 1980 - 1997. 
deceleration of the westerly flow above the measuring height, while the planetary wave activity 
seen there would still be relatively large. This would result in a negative correlation of plane-
tary wave activity and the vertical gradient of the mean zonal prevailing wind. This is shown in 
Figure 7, where the December - February mean standard deviation Oh is shown in dependence 
of the vertical gradient of the zonal prevailing wind at 95 km. The monthly vertical wind gradi-
ents were calculated from monthly mean profiles of v02• These profiles were obtained frorn the 
half-hourly means of the zonal and meridional wind and the reflection height using an extended 
form of Eq. (1) with height-dependent coefficients (e.g. Schminder et al., 1994). However, 
since the reflection height was not measured before autumn 1982, the results in Figure 7 are 
obtained from a smaller database. Nevertheless, the negative correlation is significant at the 
99% level. 
The correlation coefficients are also shown in the 3rd column of Table 1. lt can be seen that 
the correlation between planetary wave activity and mean vertical gradient is stronger than the 
one between cr and zonal prevailing wind. This result is tobe expected, since planetary waves 
that are still relatively large in the mesopause region have to transfer their energy to the mean 
flow above the measuring height, thus changing the gradients independently of the strength of 
the mean flow, and the original planetary wave in the lower middle atmosphere itself. Thus, the 
vertical wind gradient is more or less purely a result of wave breaking and thus should be di-
rectly linked to planetary wave activity. However, the prevailing wind at mesopause heights 
itself is an integrated result of dynamical and radiative influences on the middle atmosphere 
dynamics at all heights, and therefore reflects the variability of the entire atmosphere below 
(Beckmann and Jacobi, 1998), and therefore apart of the variability of Voz is not connected to 
planetary wave activity. This leads to the observed lower correlation with the planetary wave 
activity. 
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7: Standard deviation crb of the bandpass filtered zonal prevailing wind in the 12 - 20 day 
range in dependence ofthe winter (December - February) vertical gradient ofthe zonal prevailing 
wind at 95 km, ofthe years 1983 -1997. 
n •,=. Correlation coefficient Correlation coefficient Jl a.! „ 
(with V0z) ( wi th !:l V 0z/ !i:z) 
\5z 0.68** -0.73** 
C5m 0.25 -0.62* 
(Jb 0.55* -0.77** 
o; 0.63* -0.75** 
~ 0.27 -0.59* 
~ 0.56* -0.77** 
Table 1: Correlation coefficient, obtained after Eq. (4) using different components of cr as estimates 
of the planetary wave activity. The results refer to winter (December - February) mean values ofv0 ;, 
!lv0 /&, and cr. Values that are significant at the 95% or 99%-level are marked with one or two 
asterisks, respectively. Period used was 1983 - 1997. 
If at mesopause region heights a considerable planetary wave exists, it has to transfer its west-
ward directed momentum to the mean flow above this level, and considering this it is clear that 
the observed negative correlation between vertical mean zonal wind gradient is a direct conse-
quence of wave-mean flow interaction in the lower thermosphere. On the other hand, the posi-
tive correlation between planetary wave activity and zonal mean wind at the mesopause region 
means that planetary wave interannual variability is - at least in part - not due to the variability 
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wave excitation, to wave 
mesopause, so large wave activ1ty at mesopause means that simply 
energy has not yet been transferred to the mean flow completely. 
However, such a mechanism cannot be proved from mesopause region wind data alone. Nu-
merical analyses as they were done by Grollmann (1992), however, also cannot completely elu-
cidate the processes involved, since the stratospheric properties were the same for the model 
runs with and without planetary wave forcing. However, wave breaking at different levels will 
be steered by the mean state of the stratosphere. This would require a connection between 
mesopause region winds in winter and stratospheric dynamical parameters. Beckmann and Ja-
cobi ( 1998) found that such a correlation is relatively weak, but their investigation was re-
stricted to mean wind. it will be of interest, if in those cases, when planetary 
wave activity is enhanced in the mesopause region, this is really not due to enhanced wave ac-
tivity in the stratosphere, but rather due to mean flow modification. future, combined in-
vestigation of stratospheric mean circulation and planetary waves with the mesopause region 
winds and waves are should be able to shed light on the variability 
of wave-mean flow interaction processes in the middle atmosphere. 
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